Art, Craft and Philosophy of Science J

K. R. Rajagopal

Distinguished Professor
Forsyth Chair in Mechanical Engineering
Professor of Mathematics
Professor of Biomedical Engineering
Professor of Civil Engineering
Texas A&M University

Senior Research Scientist, Texas Transportation Institute

9th Oct. 2006

K. R. Rajagopal (TAMU) Art, Craft and Philosophy of Science 9th Oct. 2006 1/112



e “Blessed is the man who having nothing to say abstains
from giving wordy evidence to that fact.”

George Eliot
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@ What is Language?

@ Is language merely a means for expressing one’s thought or does
one need language to reason?

@ Does the language one uses influence the way in which we
understand and interpret our Environment?

@ Is language necessary if one is isolated?

@ Is the relationship between a word and its meaning mere
convention?

@ Is there more meaning to the word than its spoken or written
form?

@ |s the capacity for language inherent in us?
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word is uttered?
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@ Is language an invention to describe the truth around us?
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@ Does the object have any “truth” independent of how it is referred
to?

@ Is there meaning to an object beyond reference?

@ What is the relation between the “sense” of the object and its
“meaning”?

= These and many other related questions have troubled
philosophers from times immemorial.
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INFLUENCE OF LANGUAGE ON NATURAL PHILOSOPHY

@ There is a tremendous need for precision of Language. As Ruskin aptly
remarks:

“..and, therefore, first of all, | tell you, earnestly and authoritatively, (I
know | am right in this,) you must get into the habit of looking intensely at
words, and assuring yourself of their meaning, syllable by syllable-nay,
letter by letter. For, though it is only by reason of the apposition of letters
in the function of signs, to sounds in function of signs, that the study of
books is called ‘literature’, and that a man versed in it is called, by the
consent of nations, a man of letters, instead of a man of books, or of
words, you may yet connect with that accidental nomenclature this real
principle-that you might read all the books in the British Museum (if you
could live long enough); and remain an utterly ‘illiterate’, uneducated
person;
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INFLUENCE OF LANGUAGE ON NATURAL PHILOSOPHY

@ “but that if you read ten pages of a good book, letter by letter,- that is to
say, with real accuracy, - you are for evermore in some measure an
educated person. The entire difference between education and
non-education (as regards the merely intellectual part of it), consists in
this accuracy. A well-educated gentleman may not know many
languages, may not be able to speak any but his own, may have read
very few books. But whatever language he knows, he knows precisely;
whatever word he pronounces, he pronounces rightly; above all, he is
learned in the peerage of words, knows the words of true descent and
ancient blood, at a glance, from words of modern canaille;
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INFLUENCE OF LANGUAGE ON NATURAL PHILOSOPHY

@ ‘remembers all their ancestry-their inter-marriages, distantest
relationships, and the extent to which they were admitted, and offices
they held, among the national noblesse of words at any time, and in any
country. But an uneducated person may know by memory any number
of languages, and talk them all, and yet truly know not a word of any,
-not a word even of his own.”
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Opposite Point of View

@ “The sentence is considered as an indivisible and integral linguistic
symbol. And the meaning conveyed by it is an instantaneous flash of
insight or intuition. The meaning is also partless. The words have no
reality of their own; they are only hints that help the listener to arrive at
the meaning. Many of the problems in the study of meaning in linguistics
are based on the primary assumption that words are the counters of
thought; but when once that assumption is set aside and words given
their proper place in the language system as unreal abstractions just like
roots and suffixes, many of these problems fade away. The words have a
reality only at the pragmatic level. This theory of Bhartrhari may be a
welcome corrective to the prevailing tendency among some modern
linguists to lay undue stress on words.”

Kunjunni Raj
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INFLUENCE OF LANGUAGE ON NATURAL PHILOSOPHY

@ “The history of linguistics does not begin in Greece but in India.
The proper way to introduce the subject would therefore be to
start there and mention the West only when Indian ideas were
introduced into European speculations about language. This
would conflict with prejudices of long standing, e.g., that science is
an exclusively Western development, and be misleading because
it would not explain why Indians ideas were so long and
consistently misunderstood in the West.”

Staal
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INFLUENCE OF LANGUAGE ON NATURAL PHILOSOPHY

@ “Ancient Indian grammarians were centuries ahead of their
European counterparts in language studies and from their best
known scholar, Panini, whose studies still extant, date back to the
second half of the first millennium BC, we see brilliant
independent linguistic scholarship in both theory and practice.
Phonetic description in this and other, later Indian works were not
matched in the west until at least the seventeenth century. Nor
were they equaled in grammatical analysis which involved ordered
rules of word formation and extreme economy of statement.”

Encyclopedia of Linguistics (1996)
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INFLUENCE OF LANGUAGE ON NATURAL PHILOSOPHY

@ “The Sanskrit language, whatever be its antiquity, is of a wonderful
structure; more perfect than the Greek, more copious than Latin,
and more exquisitely refined than either, yet bearing to both of
them a strong affinity, both in the roots of words and in the form of
grammar, than could possibly have been produced by accident; so
strong indeed, that no philologer could examine all three, without
believing them to have sprung from some common source, which,
perhaps, no longer exists: there is reason, though not quite so
forcible, for supposing that both the Gothic and the Celtic, though
blended with a very different idiom, have the same origin with
Sanskrit; and Old Persian might be added to the same family.”

William Jones

K. R. Rajagopal (TAMU) Art, Craft and Philosophy of Science 9th Oct. 2006 14/112



INFLUENCE OF LANGUAGE ON NATURAL PHILOSOPHY

@ “The Sanskrit language, whatever be its antiquity, is of a wonderful
structure; more perfect than the Greek, more copious than Latin,
and more exquisitely refined than either, yet bearing to both of
them a strong affinity, both in the roots of words and in the form of
grammar, than could possibly have been produced by accident; so
strong indeed, that no philologer could examine all three, without
believing them to have sprung from some common source, which,
perhaps, no longer exists: there is reason, though not quite so
forcible, for supposing that both the Gothic and the Celtic, though
blended with a very different idiom, have the same origin with
Sanskrit; and Old Persian might be added to the same family.”

William Jones

@ “..a more scientific and empiricist approach was introduced into
Western linguistics only after the discovery of Sanskrit .”

Sarton:
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@ “We are tempted to think that action of language consists of two parts;
an inorganic part, the handling of signs, and an organic part, which we
may call understanding these signs, meaning them, interpreting them,
thinking. These latter activities seem to take place in a queer kind of
medium, the mind; and the mechanism of the mind, the nature of which,
it seems, we don'’t quite understand, can bring about effects which no
material mechanism could.”

Wittgenstein

K. R. Rajagopal (TAMU) Art, Craft and Philosophy of Science 9th Oct. 2006 15/112



INFLUENCE OF LANGUAGE ON NATURAL PHILOSOPHY

@ Another word that we often come across in the development of
scientific theories is the terminology “scientific explanation”.
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INFLUENCE OF LANGUAGE ON NATURAL PHILOSOPHY

@ Another word that we often come across in the development of
scientific theories is the terminology “scientific explanation”.

@ What do we mean by the word “explanation”?
@ Explanations are the answers to the question “why?”

@ The diverse ways in which we use the word “why”, and thus the
ambiguity in its meaning, is discussed at length by Nagel (1984).
He discusses ten different ways in which we use the word “why?”
(Ten different meanings to it) and these ten by no means exhaust
the ways in which the word is used. | shall not repeat all of them in
detail but just mention some of the different ways.
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INFLUENCE OF LANGUAGE ON NATURAL PHILOSOPHY

@ The answer to “why?” can be a demonstration which establishes
not only universal truth but also the necessity of the
“explicandum’, as in the case why is the sum of any number of
consecutive odd integers beginning with unity “always a perfect
square”.
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@ The answer to “why?” can be a demonstration which establishes
not only universal truth but also the necessity of the
“explicandum’, as in the case why is the sum of any number of
consecutive odd integers beginning with unity “always a perfect
square”.

@ In the case of the explanation to why did moisture form on the
outside of the glass when it was filled with ice water yesterday, the
explicandum is not a necessary truth. Sometimes the
explicandum is described statistically and is not an individual
event. Sometimes the explicandum is a historical fact and at other
times it is a universal law, and at other times the question “why?”
elicits explanations in terms of psychological dispositions, while at
other instances the answers are teleological explanations.
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@ Examples of the meaning of words which mean the same when
the prefix “in” is added:

ebriate inebriate
flammable | inflammable || habit | inhabit |
flux influx
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INFLUENCE OF LANGUAGE ON NATURAL PHILOSOPHY

@ Examples of the meaning of words which mean the same when
the prefix “in” is added:

ebriate inebriate
flammable | inflammable || habit | inhabit |
flux influx

@ Examples of meaning of words which mean the opposite when the
prefix “in” is added:

voluntary | involuntary
valid invalid

active inactive
@ Words that convey even more than what is meant when “in” is added:

[ tense | intense |
@ Same word can mean exactly the opposite based on the context

“He ran fast” Signifies Movement
“He stood fast” | Signifies Lack of Movement
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@ “We think only through the medium of words. - Languages are true
analytical methods.- Algebra, which is adapted to its purpose in every
species of expression, in the most simple, most exact, and best manner
possible, is at the same time a language and an analytical method.-The
art of reasoning is nothing more than a language well arranged.”

Abbe de Condillac

K. R. Rajagopal (TAMU) Art, Craft and Philosophy of Science 9th Oct. 2006 19/112



INFLUENCE OF LANGUAGE ON NATURAL PHILOSOPHY

@ The “truth” of a statement can change with time. The statement
“The human population of the United States of America is less
than 200 million” while true in the past is clearly untrue today.
Likewise, the truth of a statement can depend on social
considerations. The statement “bigamy is illegal” while true in the
United States is clearly untrue is some Islamic countries. Thus,
one has to be careful about evaluating the truth of a statement.
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@ The “truth” of a statement can change with time. The statement
“The human population of the United States of America is less
than 200 million” while true in the past is clearly untrue today.
Likewise, the truth of a statement can depend on social
considerations. The statement “bigamy is illegal” while true in the
United States is clearly untrue is some Islamic countries. Thus,
one has to be careful about evaluating the truth of a statement.

@ We might have to take into account temporal, geographical, social
and other considerations. While the statement that the “Sun rises
everyday” can be considered a scientific fact today, if we are to
believe our astrophysicists, it will cease to be true when it
eventually explodes. This of course does not necessarily render
true the statement “humankind will perish when the sun explodes”,
for by that time human kind might have figured a way to move out
of the Solar System!
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@ If the meaning of a sentence is not clear, then we can never
assess whether the sentence is true or false. In philosophy, there
is a great deal of disputations concerning whether sentences have
meaning or whether it is propositions as abstract entities which
are expressed by these sentences that have meaning but not the
sentences themselves.
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PSYCHOLOGY AND NATURAL PHILOSOPHY

@ “Philosophy informs us, that everything which appears to the mind, is
nothing but a perception, and is interpreted, and dependent on the mind;
whereas the vulgar confound perceptions and objects, and attribute a
distinct continued existence to the very things they feel or see.”

David Hume
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@ “Philosophy informs us, that everything which appears to the mind, is
nothing but a perception, and is interpreted, and dependent on the mind;
whereas the vulgar confound perceptions and objects, and attribute a
distinct continued existence to the very things they feel or see.”

David Hume

@ “Nobody believes now that science explains anything; we look upon it as
a shorthand description, as an economy of thought.”

Karl Pearson

@ “Thought cannot turn toward the world of external objects without at the
same time reverting to itself; in the same act it attempts to ascertain the
truth of nature and its own truth.”

Ernst Cassirer
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PSYCHOLOGY AND NATURAL PHILOSOPHY

@ Psychology is concerned with providing the answer to the
question, how do we know what we do know?
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@ Psychology is concerned with providing the answer to the
question, how do we know what we do know?

@ The sensory inputs are processed by our mind and thus
Psychology attempts to provide a scientific basis for our mental
states, the mental processes, how we think, feel, interpret and
express ourselves.
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PSYCHOLOGY AND NATURAL PHILOSOPHY

@ Psychology is concerned with providing the answer to the
question, how do we know what we do know?

@ The sensory inputs are processed by our mind and thus
Psychology attempts to provide a scientific basis for our mental
states, the mental processes, how we think, feel, interpret and
express ourselves.

@ Though Psychology today stands for much more than enquiry into
the mind, it is to this aspect of Psychology, as it impacts on
science, we will address a few comments.
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PSYCHOLOGY AND NATURAL PHILOSOPHY

@ Regarded as an enquiry into how the mind functions, Psychology
becomes a part of Philosophy. It is of relevance to science, since
science depends on the collection of facts, and one of the primary
means for acquiring facts is sensory perception, and it is the mind
that interprets these perceptions.
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@ Regarded as an enquiry into how the mind functions, Psychology
becomes a part of Philosophy. It is of relevance to science, since
science depends on the collection of facts, and one of the primary
means for acquiring facts is sensory perception, and it is the mind
that interprets these perceptions.

@ There is a popular misconception that the sciences, especially the
natural sciences are objective subjects and are independent of an
individual’s nature or for that matter, or human nature.
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PSYCHOLOGY AND NATURAL PHILOSOPHY

@ “Itis evident, that all the sciences have a relation, greater or less, to
human nature; and that, however wide any of them may seem to run
away from it, they still return back by one passage or another. Even
Mathematics, Natural Philosophy and Natural Religion are in some
measure dependent on the science of MAN; since they lie under the
cognisance of men, and are judged by their powers and faculties. If, the
sciences of Mathematics, Natural Philosophy, and Natural Religion, have
such a dependence on the knowledge of man, what may be expected in
the other sciences, whose connection with human nature is more close
and intimate.”

Hume
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PSYCHOLOGY AND NATURAL PHILOSOPHY

@ “The only laws of matter are those which our minds must fabricate, and
the only laws of mind are fabricated for it by matter.”

Maxwell

K. R. Rajagopal (TAMU) Art, Craft and Philosophy of Science 9th Oct. 2006 27 /112



PSYCHOLOGY AND NATURAL PHILOSOPHY

@ All Our sensory organs are constantly receiving signals from the
external world, some of which they register subconsciously, others
that they register consciously and interpret the information, and
yet others that it sees and chooses to ignore (sees but does not
observe). These impression are fed into our mind which then
interprets them. It is necessary to recognize the philosophical
issues concerning the interaction of a person with the world of
external objects.
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PSYCHOLOGY AND NATURAL PHILOSOPHY

@ Like language, our psychological bias can influence our thought
processes and hence have a bearing on our theories. By this, | do
not mean the thinking of a person who is mentally abnormal,
rather the thinking of a group of people whose thinking has been
conditioned in a certain way.

K. R. Rajagopal (TAMU) Art, Craft and Philosophy of Science 9th Oct. 2006 29/112



PSYCHOLOGY AND NATURAL PHILOSOPHY

@ Like language, our psychological bias can influence our thought
processes and hence have a bearing on our theories. By this, | do
not mean the thinking of a person who is mentally abnormal,
rather the thinking of a group of people whose thinking has been
conditioned in a certain way.
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@ Like language, our psychological bias can influence our thought
processes and hence have a bearing on our theories. By this, | do
not mean the thinking of a person who is mentally abnormal,
rather the thinking of a group of people whose thinking has been
conditioned in a certain way.

@ There is always the problem that, though two persons may see the
same object, the way in which it is perceived by their senses and
interpreted by their mind may be different.

@ Our knowledge of the world, whether it is scientific or sociological,
stems from our experiences in the world and from our point of
view. Our point of view is from our birth, shaped by our
environment, but we cannot completely ignore the individuality of
the perceiver.
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PSYCHOLOGY AND NATURAL PHILOSOPHY

@ “By education most have been misled;
So they believe, because so they were bred,
The priest continues what the nurse began,
And thus the child imposes on the man.”

Dryden
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PSYCHOLOGY AND NATURAL PHILOSOPHY

@ “By education most have been misled;
So they believe, because so they were bred,
The priest continues what the nurse began,
And thus the child imposes on the man.”
Dryden
@ People think they are thinking when they are merely rearranging
their prejudices.
William James
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@ What is the role of intuition in Science?
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@ What is the role of intuition in Science?

@ “Maxwell’s theory reduced itself to certain equations, known as
‘Maxwell’s equations’. Through all the revolutions which physics
has undergone in the last century, these equations have remained
standing; indeed they have grown continually in importance as
well as certainity (for Maxwell’s arguments in their favour were so
shaky that the correctness of his results must almost be ascribed
to intuition).”

Russell
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‘Maxwell’s equations’. Through all the revolutions which physics
has undergone in the last century, these equations have remained
standing; indeed they have grown continually in importance as
well as certainity (for Maxwell’s arguments in their favour were so
shaky that the correctness of his results must almost be ascribed
to intuition).”

Russell

@ “The heart has its reasons which reason does not know. We feel it
in a thousand things.”

Pascal
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PSYCHOLOGY AND NATURAL PHILOSOPHY

@ What is the role of intuition in Science?

@ “Maxwell’s theory reduced itself to certain equations, known as
‘Maxwell’s equations’. Through all the revolutions which physics
has undergone in the last century, these equations have remained
standing; indeed they have grown continually in importance as
well as certainity (for Maxwell’s arguments in their favour were so
shaky that the correctness of his results must almost be ascribed
to intuition).”

Russell

@ “The heart has its reasons which reason does not know. We feel it
in a thousand things.”

Pascal

@ “One does not need to know how the digestive process works in
order to enjoy a good meal.”

Heavisidh
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ROLE OF HISTORY ON NATURAL PHILOSOPHY

@ “There is nothing more necessary to the man of science than its
history, and the logic of discovery: the way error is detected, the
use of imagination, the mode of testing.”

Lord Acton
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@ “There is nothing more necessary to the man of science than its
history, and the logic of discovery: the way error is detected, the
use of imagination, the mode of testing.”

Lord Acton

@ “Jo foresee the future of mathematics, the true method is to study
its history and its present state.”

Henri Poincare

@ “One of the main reasons for studying and teaching the history of

science is to give educated men in general, and to professional
scientists in particular, a better sense of proportion.”

Sarton
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ROLE OF HISTORY ON NATURAL PHILOSOPHY

@ “We are certain that much of Greek knowledge was borrowed
from eastern sources but we do not know exactly when or how the
borrowings took place.”
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ROLE OF HISTORY ON NATURAL PHILOSOPHY

@ “We are certain that much of Greek knowledge was borrowed
from eastern sources but we do not know exactly when or how the
borrowings took place.”

@ “The spirit of Greek science, which accomplished such wonders
within a period of about five centuries, was essentially the western
spirit, whose triumphs are the boast of modern scientists. But we
must bear in mind two important qualifications. First, that the
foundations of Greek science were wholly oriental, and however
deep the Greek genius it is not certain that it would have built
anything comparable to its actual achievements without these
foundations. When discussing the fate of a man of genius, we may
make many suppositions, but it would be absurd to wonder what
would have happened if he had other parents, for then he would
never have been. In the same way we have no right to disregard
the Egyptian father and the Mesopotamian mother of the Greek
genius.”

Sartt

K. R. Rajagopal (TAMU) Art, Craft and Philosophy of Science 9th Oct. 2006 34/112



ROLE OF HISTORY ON NATURAL PHILOSOPHY

@ “A history of the Greek experimental science, outside of medicine
would be exceeding by short. Under the influence of Arabic
alchemists and opticians and later of Christian mechanicians and

physicists the experimental spirit grew very slowly.”
Sarton
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ROLE OF HISTORY ON NATURAL PHILOSOPHY

@ Great ideas are never parthenogenetic. They have the tendency
to appear in a reincarnated form, possibly mutated, but their
quintessential kernel is visible.
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ROLE OF HISTORY ON NATURAL PHILOSOPHY

@ Great ideas are never parthenogenetic. They have the tendency
to appear in a reincarnated form, possibly mutated, but their
quintessential kernel is visible.

@ “Everything of importance has been said before by somebody who
did not discover it.”

A. N. Whitehead
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ROLE OF HISTORY ON NATURAL PHILOSOPHY

@ “The genius of Newton lay in the patient thoroughness with which
he worked out details of what he called on the title-page of his
immortal work, the ‘Mathematical Principles of Natural Philosophy
(1687; ed.2, 1713, ed. 3, 1726). But the main idea of that work is
nothing more or less than Descartes idea of a universal science
mathematical in its form; the rules of method which he lay down at
the beginning of his third book are drawn from Bacon, and the
cosmology that he develops is nothing but Galileo’s cosmology,
according, to which the natural world is a world of bodies
possessing extension, figure, number, motion and rest, modified
by Kepler’s idea of force and Gilbert's hypothesis of universal
attraction between body and body: this natural world being
regarded in the fashion of Galileo as a machine made by God and
known by human beings who, in the capacity of sentient creatures,
ingest it with secondary qualities of colour, sound, and so forth,
which in its own right it does not posses.”

]

Collingwood
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@ Henri Poincare:

@ “1902: There is no absolute time—we have not even direct
intuition of simultaneity of two events occurring in two different
places.”
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@ Henri Poincare:

@ “1902: There is no absolute time—we have not even direct
intuition of simultaneity of two events occurring in two different
places.”

@ “1904: We have not and cannot possibly have, any means of
discovering whether we are, or are not carried along in motion
(uniformly translated relative to a ‘fixed observer’).”
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ROLE OF HISTORY ON NATURAL PHILOSOPHY

@ Henri Poincare:

@ “1902: There is no absolute time—we have not even direct
intuition of simultaneity of two events occurring in two different
places.”

@ “1904: We have not and cannot possibly have, any means of
discovering whether we are, or are not carried along in motion
(uniformly translated relative to a ‘fixed observer’).”

@ “We should construct a whole new mechanics —where, inertia

increasing with velocity, the velocity of light would be an
impassable limit.
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Atomic Theory

@ “Treatises on early Greek philosophy customarily regard
Empedocles as the originator of the theory of elements. There
are, however, references in the earliest of Upanishads, long before
the time of Empedocles, e.g., B. A. Upanishad. Il , Chapter VI,
7-1.”

G. Whiteman
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PHYSICS AND METAPHYSICS

@ “Iam now convinced that theoretical physics is actually
philosophy.”
Max Born
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PHYSICS AND METAPHYSICS

@ “Iam now convinced that theoretical physics is actually
philosophy.”
Max Born
@ “This is the end | aim at: to acquire knowledge of the union of
mind with the whole of nature. To do this it is necessary first to
understand as much of nature as success for acquiring such
knowledge, and to form a society of the kind which permits as
many as possible to acquire such knowledge.”

Spinoza
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PHYSICS AND METAPHYSICS

@ To the early Greeks, physics had a far wider scope than what it
connotes today. The Oxford English Dictionary defines physics as
“ Natural Science in general, especially the Aristotelian system of
Natural Science, hence Natural Philosophy in the wider sense.”
It goes on to add that “The application of the term has continually
tended to be narrowed. It originally (from Aristotle) included the
study of the whole of nature (organic and inorganic): Locke even
included spirits (gods, angels, etc.) into its objects. In the course
of the 18th century it became limited to inorganic nature, then by
excluding chemistry, it acquired its present meaning.”
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PHYSICS AND METAPHYSICS

@ “Natural Science does not simply describe and explain nature; it is
the part of the interplay between nature and ourselves; it
describes nature as exposed to our method of questioning.”

Heisenberg
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PHYSICS AND METAPHYSICS

@ “Natural Science does not simply describe and explain nature; it is
the part of the interplay between nature and ourselves; it
describes nature as exposed to our method of questioning.”

Heisenberg

@ By drawing a divide between the rest of nature and ourselves,
Heisenberg is hiding one of the most interesting aspect of natural
science and one of its chief problems which he understood better
than most, namely its evaluation, characterization, and attempted
description from within, namely by ourselves. To think of ourselves
as being outside of nature impoverishes both ourselves and
nature. Human beings are an integral part of nature and are
devoid of meaning otherwise.
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PHYSICS AND METAPHYSICS

@ What exactly do we mean by Metaphysics?
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PHYSICS AND METAPHYSICS

@ What exactly do we mean by Metaphysics?

@ Metaphysics does not mean that which is beyond physics. While it
came to be misinterpreted as the “state of things transcending
what is physical or natural” and hence synonymous with the
“super natural’.
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PHYSICS AND METAPHYSICS

@ What exactly do we mean by Metaphysics?

@ Metaphysics does not mean that which is beyond physics. While it
came to be misinterpreted as the “state of things transcending
what is physical or natural” and hence synonymous with the
“super natural’.

@ It only means “That branch of speculative inquiry that treats of first
principles of things including such concepts as being, substance,
essence, time, space, cause, identity, etc., theoretical philosophy
as the ultimate science of being and knowing”.
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PHYSICS AND METAPHYSICS

@ The word meta when used as a prefix here; does not, or rather
should not, signify that which is above or beyond the word
following the prefix. However it has commonly been misused as
such and has thus created a great deal of confusion. The more
general definition of physics as natural science is a part of
metaphysics viewed within the general definition given above,
while metaphysics includes other branches of speculative enquiry.
Thus, to think of physics as distinct from metaphysics is clearly
incorrect when the word metaphysics is used in the above sense.
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PHYSICS AND METAPHYSICS

@ The word meta when used as a prefix here; does not, or rather
should not, signify that which is above or beyond the word
following the prefix. However it has commonly been misused as
such and has thus created a great deal of confusion. The more
general definition of physics as natural science is a part of
metaphysics viewed within the general definition given above,
while metaphysics includes other branches of speculative enquiry.
Thus, to think of physics as distinct from metaphysics is clearly
incorrect when the word metaphysics is used in the above sense.

@ The recent use of the term metaphysics assigns to it all areas in
the general definition given above sans natural science, that is by
metaphysics nowadays we usually mean Cosmology, Ontology,
Epistemology and Eschatology.
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PHYSICS AND METAPHYSICS

@ “Science and Philosophy aim ultimately at the same ends.
Science starts from a detailed examination of particulars and
Philosophy start from the general and tries to explain the
particular. It may be said that science does not touch the really
fundamental things; its method is the modest one of starting with
the humble, even the apparently trivial ... It builds a broad
Pyramid resting upon observed facts... The general conclusions
are rather to be thought of as the apex of a broad based pyramid
than the foundation on which the building rests.”

George Thomson
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PHYSICS AND METAPHYSICS

@ Thus in truth, there is a wonderful interplay between physics and
metaphysics. The meaningful metaphysics of yesteryears
transform themselves into the physics of today and the sensible
physics of today become the seeds for the metaphysics of the
MOorrow.
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PHYSICS AND METAPHYSICS

@ Thus in truth, there is a wonderful interplay between physics and
metaphysics. The meaningful metaphysics of yesteryears
transform themselves into the physics of today and the sensible
physics of today become the seeds for the metaphysics of the
MOorrow.

@ “..classical philosophers had a close connection with the science of their times,
some of them, such as Descartes and Leibniz, were leading mathematicians and
physicists themselves. More recently, philosophy and science have become
estranged, a situation that has led to an unproductive tension between the two
groups. The philosophers, whose training has usually has been acquired in the
pursuit of historical and philological studies, accuse the scientist of too much
specialization and turn instead into metaphysical problems; the scientists, on the
other hand miss in philosophy the treatment of epistemological problems, which,
though solved by Leibniz and Kant within the framework of the science of their
times, demand a fresh analysis within the framework of contemporary science .”

Hans Reichenba;
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PHYSICS AND METAPHYSICS

@ “The knowledge that metaphysics gives us of things is more
intimate and deeper than the one provided by physics. It therefore
surpasses the latter in excellence. But if metaphysics precedes
physics in the order of excellence, it comes after physics in the
order of logic.”

Duhem
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PHYSICS AND METAPHYSICS

@ “The knowledge that metaphysics gives us of things is more
intimate and deeper than the one provided by physics. It therefore
surpasses the latter in excellence. But if metaphysics precedes
physics in the order of excellence, it comes after physics in the
order of logic.”

Duhem

@ Many try to differentiate between physics and philosophy on the
basis that physics deals with measurable quantities, its statement
can be made quantitative while philosophy is primarily concerned
with qualitative ideas and notions. This is somewhat an arbitrary
distinction as the measurability of certain quantities is not direct
but due to inference and this measurability is rendered possible by
means of standardization, the standard itself being "measured" in
an arbitrary manner, i.e., it is fixed as an unit. Also, there are
serious difficulties with regard to measurability and
commensuration and we shall not get into these issues here.
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PHYSICS AND METAPHYSICS

@ “Therefore metaphysics, which many say can be properly avoided
in the field of physics, is in fact its only support and what gives
light.”

Kant
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@ Mathematic (matematik, metamatic, mathematique) (from OED)
1390- Mathematique— the ferste of which is Arsmetique, And the

secounde is seid Musique, The thridde is ek Geometrie, Also the
ferthe astronomie.
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@ Mathematic (matematik, metamatic, mathematique) (from OED)

1390- Mathematique— the ferste of which is Arsmetique, And the
secounde is seid Musique, The thridde is ek Geometrie, Also the
ferthe astronomie.

@ Mathematics originally the collective name of geometry, arithmetic
and certain physical sciences (as astronomy and optics) involving
geometrical reasoning. In modern use applied
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@ Mathematic (matematik, metamatic, mathematique) (from OED)

1390- Mathematique— the ferste of which is Arsmetique, And the
secounde is seid Musique, The thridde is ek Geometrie, Also the
ferthe astronomie.

@ Mathematics originally the collective name of geometry, arithmetic
and certain physical sciences (as astronomy and optics) involving
geometrical reasoning. In modern use applied

(a) in a strict sense, the abstract science which investigates
deductively, the conclusions implicit in the elementary! Conceptions
of spatial and numerical relations, and which includes as its main
division geometric, arithmetic and algebra; and
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@ Mathematic (matematik, metamatic, mathematique) (from OED)

1390- Mathematique— the ferste of which is Arsmetique, And the
secounde is seid Musique, The thridde is ek Geometrie, Also the
ferthe astronomie.

@ Mathematics originally the collective name of geometry, arithmetic
and certain physical sciences (as astronomy and optics) involving
geometrical reasoning. In modern use applied

(a) in a strict sense, the abstract science which investigates
deductively, the conclusions implicit in the elementary! Conceptions
of spatial and numerical relations, and which includes as its main
division geometric, arithmetic and algebra; and

(b) in a wider sense, so as to include those branches of physical or
other research which consists in the application of this abstract
science to concrete data.
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@ Mathematic (matematik, metamatic, mathematique) (from OED)

1390- Mathematique— the ferste of which is Arsmetique, And the
secounde is seid Musique, The thridde is ek Geometrie, Also the
ferthe astronomie.

@ Mathematics originally the collective name of geometry, arithmetic
and certain physical sciences (as astronomy and optics) involving
geometrical reasoning. In modern use applied

(a) in a strict sense, the abstract science which investigates
deductively, the conclusions implicit in the elementary! Conceptions
of spatial and numerical relations, and which includes as its main
division geometric, arithmetic and algebra; and

(b) in a wider sense, so as to include those branches of physical or
other research which consists in the application of this abstract
science to concrete data.

@ When the word is used in the wider sense, the abstract science is
distinguished as pure mathematics, and its concrete appllcatlons
(e.g. in astronomy, various branches of physics, the theory of

probabilities) as applied or mixed mathematics.
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ROLE OF MATHEMATICS IN NATURAL PHILOSOPHY

@ “Mathematics is a language.”
J. W. Gibbs
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ROLE OF MATHEMATICS IN NATURAL PHILOSOPHY

@ “Mathematics is a language.”
J. W. Gibbs

@ One can think of what goes by the name “logic” as the grammar of
mathematics and what is viewed as the “application of
mathematics” to natural phenomena is akin to the use of language

to describe objects and communicate.
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ROLE OF MATHEMATICS IN NATURAL PHILOSOPHY

@ “Mathematics may be defined as the subject in which we never
know what we are talking about, nor whether what we are saying
is true.”

B. Russell
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ROLE OF MATHEMATICS IN NATURAL PHILOSOPHY

@ “Mathematics may be defined as the subject in which we never
know what we are talking about, nor whether what we are saying
is true.”

B. Russell

@ “Pure mathematics consists essentially of assertions to the effect
that, if such and such a proposition is true of anything, that such
and such a proposition is true of that thing. It is essential not to
discuss whether the first proposition is really true, and not to
mention what the anything is of which it is supposed to be true..”

B. Russell
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ROLE OF MATHEMATICS IN NATURAL PHILOSOPHY

@ “Mathematics is a game played according to certain simple rules
with meaningless marks on paper.”

D. Hilbert
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@ “Mathematics is a game played according to certain simple rules
with meaningless marks on paper.”

D. Hilbert
@ “Mathematics is the art of giving the same name to different
things.”
H. Poincare
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ROLE OF MATHEMATICS IN NATURAL PHILOSOPHY

@ “Mathematics is a game played according to certain simple rules
with meaningless marks on paper.”

D. Hilbert
@ “Mathematics is the art of giving the same name to different
things.”
H. Poincare

@ Ring, Group, Vector, Algebra
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ROLE OF MATHEMATICS IN NATURAL PHILOSOPHY

@ Is mathematics an objective reality that exists independent of
man’s mind?
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@ |s mathematics a discovery?

K. R. Rajagopal (TAMU) Art, Craft and Philosophy of Science 9th Oct. 2006 55/112



ROLE OF MATHEMATICS IN NATURAL PHILOSOPHY

@ Is mathematics an objective reality that exists independent of
man’s mind?

@ |s mathematics a discovery?

@ |s mathematics a creation of man’s mind?
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@ Is mathematics an objective reality that exists independent of
man’s mind?

@ |s mathematics a discovery?

@ Is mathematics a creation of man’s mind?

@ Is mathematics an invention?
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ROLE OF MATHEMATICS IN NATURAL PHILOSOPHY

@ Is mathematics an objective reality that exists independent of
man’s mind?

@ |s mathematics a discovery?

@ Is mathematics a creation of man’s mind?

@ Is mathematics an invention?

@ To try to answer such questions we have to delve deeply into the
history and philosophy of mathematics.
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ROLE OF MATHEMATICS IN NATURAL PHILOSOPHY

Is mathematics an objective reality that exists independent of
man’s mind?

Is mathematics a discovery?

Is mathematics a creation of man’s mind?

Is mathematics an invention?

To try to answer such questions we have to delve deeply into the
history and philosophy of mathematics.

However, delving purely into western source is insufficient.
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ROLE OF MATHEMATICS IN NATURAL PHILOSOPHY

@ “T